We performed a meta-analysis of 2 genome-wide association studies of coronary artery disease comprising 1,515 cases and 5,019 controls followed by replication studies in 15,460 cases and 11,472 controls, all of Chinese Han ancestry. We identify four new loci for coronary artery disease that reached the threshold of genome-wide significance (P < 5 × 10 −8 ). These loci mapped in or near TTC32-WDR35, GUCY1A3, C6orf10-BTNL2 and ATP2B1. We also replicated four loci previously identified in European populations (in or near PHACTR1, TCF21, CDKN2A-CDKN2B and C12orf51). These findings provide new insights into pathways contributing to the susceptibility for coronary artery disease in the Chinese Han population.
l e t t e r s
In this stage 1 discovery analysis, we used a set of criteria (Online Methods) to select 96 SNPs for genotyping in a further replication analysis in a case-control sample including 8,803 CAD cases and 5,183 controls (replication 1) (Supplementary Table 1 ). We found that two association signals reached genome-wide significance (defined as P < 5 × 10 −8 ) in replication 1 alone. These included one locus (four SNPs at 9p21.3) previously identified in populations of European descent and one newly discovered locus (rs9268402 at C6orf10-BTNL2).
In meta-analysis of the discovery and replication 1 stages, eight additional variants were found to be associated with CAD at a significance level of P < 1 × 10 −5 . These eight SNPs were further examined in an independent sample (2,408 CAD cases and 2,103 controls) (replication 2). The results of the selected SNPs in the discovery, replication 1 and replication 2 stages are summarized in Supplementary Table 2 .
When combining the discovery data with those from replications 1 and 2, we found ten SNPs at seven regions associated with CAD at a prespecified threshold for genome-wide significance of P < 5 × 10 −8 . Data from four SNPs at 9p21.3 (rs9632884, rs10757274, rs1333042 and rs1333049), rs9349379 at 6p24.1 in PHACTR1 and rs11066280 at 12q24.13 near C12orf51 confirmed associations previously reported in Europeans [5] [6] [7] [8] [9] [10] [11] . rs12524865 at 6q23.2 near TCF21 also showed consistent association evidence in the discovery and replication stages with the same direction of association previously reported in Europeans 12 , with this association nearly reaching the genome-wide significance threshold in the combined analyses (P = 1.87 × 10 −7 ) (Supplementary  Tables 2 and 3) . Moreover, we identified four new CAD-associated loci in the Chinese (P values ranging from 4.48 × 10 −8 to 9.92 × 10 −14 ): (i) rs2123536 at 2p24.1 near TTC32-WDR35; (ii) rs1842896 at 4q32.1 near GUCY1A3; (iii) rs9268402 at 6p21.32 near C6orf10-BTNL2; and (iv) rs7136259 at 12q21.33 near ATP2B1.
We sought to further replicate the associations of these four SNPs in an additional validation stage, using an independent sample consisting of 4,249 CAD cases and 4,186 controls (replication 3). All four SNPs showed significant association with CAD in this additional sample after adjustment for multiple testing (P < 0.05/4 = 0.0125), and combining results from the discovery, replication 1, replication 2 and replication 3 stages showed associations of these loci with CAD (rs2123536: P = 6.83 × 10 −11 , odds ratio (OR) = 1.12; rs1842896: P = 1.26 × 10 −11 , OR = 1.14; rs9268402: P = 2.77 × 10 −15 , OR = 1.16; rs7136259: P = 5.68 × 10 −10 , OR = 1.11) ( Table 1 ). The associations of these loci are shown in the context of their genomic coordinates (Fig. 1) .
Of the four newly reported CAD-associated loci, 4q32.1 (rs13139571) and 12q21.33 (rs2681492) were also recently identified as susceptibility loci for blood pressure in European studies 13, 14 . We observed that rs13139571 and rs1842896 at 4q32.1 showed very weak linkage disequilibrium (LD) (r 2 = 0.002, D′ = 0.062 in HapMap CHB; r 2 = 0.004, D′ = 0.123 in HapMap Utah residents of Northern and Western European ancestry (CEU)), whereas rs2681492 and rs7136259 at 12q21.33 were in strong LD (r 2 = 0.90, D′ = 0.95 in HapMap CHB; r 2 = 0.11, D′ = 0.88 in HapMap CEU). To shed light on the seemingly entangled relationship of 4q32.1 and 12q21.33 with CAD and hypertension, we examined the associations of the two CAD SNPs (rs1842896 and rs7136259) with blood pressure in all control samples from the discovery and replication samples. Suggestive associations with blood pressure and hypertension were observed (Supplementary Table 4 ). We further examined whether associations with hypertension could mediate the effects of these loci on CAD. After adjustment for their effects on hypertension, the SNPs retained association with CAD at genome-wide significance (P = 1.31 × 10 −9 , OR = 1.13 for rs1842896; P = 6.63 × 10 −12 , OR = 1.13 for rs7136259), indicating that these SNPs might be associated with CAD independently of their npg l e t t e r s effects on hypertension. rs1842896 is located 76.4 kb upstream of the GUCY1A3 locus. The GUCY1A3 gene encodes the α subunit of soluble guanylate cyclase (sGC), a key enzyme in the nitric oxide signaling pathway that is implicated in pathogenesis of CAD and atherosclerosis. Preclinical studies have explored the therapeutic potential of sGC stimulators 15 . rs7136259 is near ATP2B1, which encodes PMCA1, a plasma membrane calcium ATPase that pumps calcium ions (Ca 2+ ) out of the cytosol into the extracellular milieu 16 .
The C6orf10-BTNL2 locus at 6p21.32 is a region associated with immune-related diseases [17] [18] [19] . BTNL2 encodes a member of the immunoglobulin superfamily that probably functions as a T-cell costimulatory molecule. It is noteworthy that rs2076530, a truncating splice-site G>A mutation in BTNL2 17 , is in strong LD with rs9268402 (r 2 = 0.59). BTNL2 polymorphisms have been found to be associated with susceptibility to Kawasaki disease 20 , a vasculitis of young childhood that particularly affects the coronary arteries, and with increased risk of developing ischemic heart disease in the future 21 . rs2123536 at 2p24.1 is located ~150 kb downstream of TTC32 and WDR35. TTC32 encodes the protein containing the tetratricopeptide repeat motif that mediates binding to other peptides 22 . WDR35 encodes a member of the WD repeat protein family 23 , whose members are involved in cell cycle progression, signal transduction, apoptosis and gene regulation.
The association of the chromosome 12q24 region with CAD is of particular interest. The association signal at 12q24 spans ~0.7 Mb, and rs11066280 is in almost perfect LD (r 2 = 0.95-0.97) with rs3782886, rs4646776, rs671, rs2074356 and rs77768175 (Supplementary Fig. 4) . Previous studies have shown significant evidence supporting signatures of natural selection 11, 24 and pleiotropic effects for this region (in CAD 10, 11, 25 and the regulation of plasma lipid levels 24, 26, 27 and blood pressure 14, 24, 28 ) . All variants at 12q24 that are associated with CAD in Europeans 10, 11 are not polymorphic in the Chinese, whereas all CAD-associated variants at 12q24 in the Chinese are monomorphic in Europeans (Supplementary Table 5 ). In the present study, rs11066280 also showed significant or suggestive evidence of association with the levels of high-density lipoprotein cholesterol (HDL-C), triglycerides and total cholesterol and with blood pressure (Supplementary Table 4) . Because there is not substantial evidence for functional variants at this locus, further in-depth analysis is needed to explain the long-range LD and uncover causal mechanisms for CAD in this region.
Although the association between the CDKN2A-CDKN2B locus at 9p21 and CAD was replicated in our study, we note that the LD structure of the 9p21 region is different in populations of European and Asian ancestry (Supplementary Fig. 5 ). The four SNPs showing significant association with CAD in the 9p21.3 region were in almost perfect LD in individuals of European descent (pairwise r 2 values from 0.84-0.90). In the Chinese, however, two of the SNPs (rs10757274 and rs1333049) were in strong LD with each other (r 2 = 0.78) but were in only moderate LD with the other two SNPs (rs9632884 and rs1333042; The lead SNP is represented by a purple diamond for the discovery meta-analysis and is represented by a purple circle for the combined analysis, denoted by the P combined value. LD (r 2 values) between the lead SNP and the other SNPs are indicated by color. The estimated recombination rates from 1000 Genomes Project (June 2010) CHB and JPT samples are plotted in cyan to reflect local LD structure. Bottom, genes within the region of interest are annotated and are shown as arrows. Plots were generated using LocusZoom.
npg l e t t e r s pairwise r 2 values from 0.27-0.43; Supplementary Table 6) . Conditional logistic analyses showed that the individual association evidence for rs1333042 and rs10757274 remained significant after controlling for the genetic effect at any of the other three SNPs (P values ranging from 3.71 × 10 −8 to 7.96 × 10 −9 and from 1.44 × 10 −6 to 1.18 × 10 −18 , respectively) (Supplementary Table 7) . Therefore, the two SNPs (rs1333042 and rs10757274) seem to represent independent association signals.
We evaluated whether the CAD-associated variants identified in our samples from the Chinese population were associated with CAD in Europeans, using the results from the Coronary ARtery DIsease Genome-Wide Replication And Meta-Analysis (CARDIoGRAM) consortium study 12 , a meta-analysis of 22,233 cases and 64,762 controls (Supplementary Table 8 ). Of the four SNPs, rs2123536 (P = 0.0038, OR = 1.10) and rs7136259 (P = 0.035, OR = 1.03) showed nominal association with CAD in the population of European ancestry, and the direction of effect was consistent with that seen in our findings. Associations for the other two SNPs were not detected in data from the CARDIoGRAM consortium study.
Conversely, we also investigated whether the 35 CAD-associated SNPs (in 29 loci) identified by previous GWAS in European populations were associated with CAD in our sample (Supplementary Table 9 ). In addition to the four loci that were confirmed by our discovery and replication studies (Supplementary Table 3) , seven loci at 1p32.2, 1q41, 10q23.31, 10q24.32, 11q22.3, 15q25.1 and 17p13.3 showed directionally consistent and nominally significant associations in the discovery study (P < 0.05) (Supplementary Table 9 , group 1). We observed that 11 SNPs in 10 loci were monomorphic or had low minor allele frequency (MAF ≤ 0.1) in the Chinese Han population, whereas these SNPs were quite polymorphic in European populations (Supplementary Table 9 , group 2). We examined the associations of other correlated SNPs in strong LD with these 11 SNPs in HapMap CEU data with CAD in the Chinese. Of interest, association of the proxy SNPs in three loci, 3q22.3, 6q26 and 17p11.2, was also supported by our discovery analysis, albeit with only suggestive evidence (P < 0.05). These data suggest that differences in LD structure may partially explain the discrepancies in association between the European and Chinese populations. No associations were observed for the remaining eight SNPs with common MAF (MAF > 0.1) in the Chinese Han population (Supplementary Table 9, group 3) . The observed differences between the results from the Chinese and European populations might be due to differences in genetic architecture and environmental factors or might result from insufficient power in the present study. A recent GWAS of CAD in the Chinese Han population 29 identified rs6903956 at 6p24.1 (C6orf105) as a susceptibility locus. We could not replicate this association with rs6903956 in our data, although our discovery analyses had >90% power to detect a SNP with an OR of 1.51, even when we used a P-value threshold of 1.0 × 10 −5 .
To examine the effect of nine associated SNPs given in Table 1  and Supplementary Table 3 (rs2123536, rs1842896 , rs9349379, rs9268402, rs12524865, rs10757274, rs1333042, rs7136259 and rs11066280) in aggregate on the risk for CAD, a CAD risk score was calculated using the weighted sum across the SNPs, combining effect sizes and doses of risk alleles. The CAD risk score could explain ~1.92% of the variance in risk for CAD. The mean CAD risk score of cases was significantly higher than that of controls (P < 1 × 10 −74 ). Logistic regression was applied to test the association of risk score categories with CAD. Compared with individuals in the bottom quintile, individuals in the top quintile of CAD risk score had greater than twofold increased risk for CAD (OR = 2.34, 95% confidence interval (CI) = 2.11-2.59). The risk for CAD across quintiles of CAD risk score is shown (Fig. 2) .
In conclusion, we identified four new loci associated with CAD (in or near TTC32-WDR35, GUCY1A3, C6orf10-BTNL2 and ATP2B1) in the Chinese and replicated four previously reported loci (PHACTR1, TCF21, CDKN2A-CDKN2B and C12orf51). These results suggest that both shared and unique genetic backgrounds of CAD susceptibility are present in different ancestry groups and highlight the importance of fine-mapping efforts to pinpoint causal variants and mechanisms. Further study and integration of GWAS findings in multiple ancestry groups will surely promote a better understanding of the global genetic architecture of CAD risk.
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